Diabetes mellitus is a common condition affecting both adults and children. Long-standing diabetes is associated with cardiovascular abnormalities such as coronary artery atherosclerosis, microvascular changes, hypertension, kidney disease, and heart failure. Its association with heart failure in the absence of coronary artery disease and hypertension was termed diabetic cardiomyopathy in the 1970s and is believed to account for some of the cardiac mortality in diabetic patients. This entity may be implicated as the cause of sudden cardiac death in the small percentage of diabetic patients in which the autopsy fails to demonstrate evidence of nonketotic hyperosmolar coma, diabetic ketoacidosis, or atherosclerotic and hypertensive cardiovascular disease. Molecular and metabolic alterations have been studied to explain the pathophysiology of this disease. Acad Forensic Pathol. 2016 6(2): 191-197 
INTRODUCTION
Diabetes mellitus (DM) is a metabolic disorder characterized by elevated blood glucose concentrations and may be juvenile or adult onset. In DM, hyperglycemia results either from ineffective insulin secretion by the endocrine pancreas or a dulled response to insulin by body tissues (1) . In either instance, the diagnosis is classically preceded by a history of weight loss, polydipsia, and polyuria, and its onset also may be preceded by a recent infectious illness (2) . In the forensic setting, the diagnosis is made by detection of elevated vitreous glucose and glucosuria. Diabetic ketoacidosis additionally requires the detection of ketones such as acetone or β-hydroxybutyrate in blood, urine, or vitreous fluid and is more commonly observed in juvenile-onset DM (3) .
DISCUSSION

Cardiovascular Complications of Diabetes Mellitus
Mortality due to cardiovascular causes is common in diabetic patients. The vast majority of these fatal events are due to coronary artery atherosclerosis, which occurs earlier and with greater severity in diabetics (4, 5) . Diabetes mellitus often coincides with obesity, hypertension, and hypercholesterolemia, each of which provides its own contribution to the development of cardiovascular disease. Heart failure also is prevalent among diabetics with an incidence directly proportional to age and a strong association with fatal outcomes (6) .
For forensic pathologists, DM is often considered a contributory factor in death related to cardiovascular disease caused by atherosclerosis or hypertension. Additionally, DM can also be implicated as the proximate cause of death in individuals with evidence of diabetic ketoacidosis or neurologic sequelae of hyperosmolar nonketotic diabetic coma.
Diabetic Cardiomyopathy
Diabetic cardiomyopathy was first described more than 40 years ago as a microangiopathic disorder characterized clinically by cardiomegaly and advanced cardiac failure leading to death (7) . In that initial study, postmortem examinations of four patients aged 49 to 76 years without a history of valvular, congenital, or hypertensive heart disease demonstrated cardiac hypertrophy, diffuse myocardial fibrosis, and intimal and subendothelial arteriolar thickening. Patients with a history of alcoholism or whose autopsy showed any coronary artery with greater than 40% atherosclerotic stenosis were excluded. Periodic-acid Schiff staining in one patient highlighted the deposition of mucopolysaccharides as the pathophysiologic mechanism of the small vessel disease (7) . Two years after the entity was first described, Kannel et al. observed that diabetic men in the Framingham Heart study had double the rates of heart failure compared to nondiabetic men and in diabetic women; the rate of heart failure was five times higher than in nondiabetic women (8) . Another study showed that patients with idiopathic cardiomyopathy were more likely to be diabetics and in those who died and had autopsies performed, large coronary artery disease was absent but myocardial microvascular abnormalities were seen (9) . Finally, the Strong Heart study also demonstrated that diabetes mellitus is an independent risk factor of heart failure (34) .
Numerous subsequent studies have confirmed and/or further characterized the clinical and pathologic features of this entity (6, (10) (11) (12) (13) (14) (15) (16) (17) (18) . An echocardiographic study showed increased left ventricular mass, left ventricular wall thickness, and abnormal left ventricular end systolic and end diastolic dimensions in male and female subjects with glucose intolerance and in diabetic women (19) . Additionally, an increase in heart rate in diabetic patients was observed and attributed to neuropathy-induced changes in vagal tone (20) . While cardiac complications are generally thought to occur in longstanding DM, studies have demonstrated abnormalities in cardiac function in diabetics and juvenile diabetics, but also in individuals with prediabetes or impaired glucose tolerance (5) .
Antemortem detection of left ventricular hypertrophy, left ventricular diastolic dysfunction, and autonomic neuropathy requires invasive and/or costly testing.
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Therefore, these changes are often asymptomatic prior to a significant cardiac event and/or sudden cardiac death (21) . Such a cardiac event may be preceded by a history of recent exercise intolerance or fluid retention (22) .
As diabetic cardiomyopathy has been defined as ventricular dysfunction that is independent of coronary artery and hypertensive disease, it is characterized by diastolic dysfunction. Three stages of diabetic cardiomyopathy have been described (11) . The early stage includes no overt functional or structural changes and is characterized by depletion of GLUT4 myocardial glucose transporters, increased free fatty acids (FFA), carnitine deficiency, calcium changes, and insulin resistance. High cellular FFA concentrations may result in increased oxygen demands during FFA metabolism, which may lead to impaired myocardial performance and morphological changes. The second stage demonstrates diastolic dysfunction and slightly increased left ventricular mass. Characteristics include apoptosis/ necrosis, changes in angiotensin II and transforming growth factor β (TGF-β1), and early cardiac autonomic neuropathy. The late stage has diastolic dysfunction and a decreased ejection fraction with marked left ventricular hypertrophy and is characterized by microvascular changes and marked autonomic neuropathy.
Forensic Issues
Sudden cardiac death is well-known and frequently observed by the forensic pathologist. Autopsies performed in such instances generally show morphologic cardiac abnormalities and evidence of functional cardiac deficiency. Cardiomyopathies are complex conditions due to a variety of diseases, drugs, and conditions, are often multifactorial, and can cause sudden cardiac death.
Diabetic cardiomyopathy may be considered in the following circumstances: 1) an individual of any age group with a known history of diabetes mellitus and no history of congenital heart disease, hypertension, or alcohol abuse is found dead of an apparent sudden cardiac death; 2) an autopsy is performed and shows cardiomegaly, cardiac myocyte hypertrophy, myocar-dial fibrosis, microvascular changes, no more than slight coronary artery atherosclerosis (<50% stenosis), and no valvular heart disease, (Image 1); 3) additional autopsy findings may include lower extremity edema, body cavity effusions, cardiac dilatation, and nephrosclerosis; 4) nephrosclerosis is accompanied by characteristic changes of diabetic nephropathy (Kimmelstiel-Wilson nodules, Image 2); 5) nonketotic hyperosmolar coma and diabetic ketoacidosis are excluded by postmortem laboratory studies. The changes of hypertensive versus diabetic nephrosclerosis may be grossly indistinguishable. Since hypertension is common, asymptomatic, and often not formally diagnosed before death, nephrosclerosis without Kimmelstiel-Wilson nodules may be presumed to be due to hypertension.
Metabolic and Molecular Considerations
The exact underlying molecular and metabolic alterations in diabetic cardiomyopathy remain unknown. Numerous studies have uncovered many associated pathways including hyperglycemia-induced oxidative stress leading to cardiac myocyte apoptosis, alterations in cardiac myocyte lipid metabolism, and changes in gene expression through microRNA (12, 13, 16, 18, (23) (24) (25) (26) (27) . (28) . MG53 is an E3 ligase targeting both insulin receptor and insulin receptor substrate 1 for ubiquitin-dependent degradation, resulting in decreased protein levels of insulin receptor and insulin receptor substrate 1. MG53 is expressed in heart and skeletal muscle and is involved in cardiac conditioning related to ischemic events. Transgenic mice overexpressing MG53 (MG53 hTG) become obese, insulin resistant, hyperglycemic, and demonstrate cardiac-specific alterations including myocardial insulin resistance, decreased use of insulin substrate, myocardial fibrosis, ventricular hypertrophy, and cardiac dysfunction. MG53 hTG showed cardiac enlargement with ventricular dilatation and dysfunction as evidenced by increased ventricular diameter by 22% and cardiac weight by 15% compared to wild type mice,
Liu et al. recently investigated the role of Mitsugumin 53 (MG53) overexpression on cardiac function in transgenic mice
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and decreased cardiac ejection fraction by echocardiography-changes that preceded increases in body weight. These morphologic and physiologic changes coincided with changes in expression of α-and β-myosin heavy chains and upregulation of brain and atrial natriuretic peptides. The observed cardiac changes resulted from two different mechanisms of diabetic influence on the heart. The first was upregulation of peroxisome proliferation-activated receptor α (PPARα). MG53 hTG showed increased expression levels of PPARα while levels in MG53 downregulated mice were decreased, confirming that MG53 is an upstream regulator of PPARα. The second mechanism was impaired insulin signaling as evidenced by decreased protein expression of insulin receptor and insulin receptor substrate 1. MG53 overexpression also resulted in attenuated insulin-stimulated myocardial glucose uptake and increased myocardial uptake of free fatty acids, including a three-fold increased uptake of palmitic acid. Finally, genome-wide expression profiling showed activation of signaling pathways associated with hypertrophic cardiomyopathy, dilated cardiomyopathy, and the PPARα pathway in MG53 hTG. 
Interestingly, Rosiglitazone, a pharmacologic PPARαγ agonist, was associated with increased risk of heart failure in diabetics treated with the drug (29), providing further evidence for the role of PPARα in the pathogenesis of diabetic cardiomyopathy.
Controversy
Patients with diabetes mellitus are at increased risk for cardiovascular disease and diabetes can affect multiple components of the heart: coronary macrovascular and microvascular system, autonomic system, and myocardium. Microangiopathy results in retinopathy and renal failure in addition to cardiac vascular effects. While disparities in study design and patient se-lection criteria have generated controversy regarding the existence of a cardiomyopathy due solely to DM, the aforementioned studies have confirmed that DM does play a role in the development of these cardiac abnormalities (10, 11) . Some have questioned if diabetic cardiomyopathy is a distinct clinical entity as its pathogenesis appears to be multifactorial and results from both metabolic and structural alterations (11, (30) (31) (32) . Additionally, the reported frequent association of late stage diabetic cardiomyopathy with hypertension and coronary artery disease obscures the distinction (11) . Proposed putative mechanisms include metabolic disturbances, myocardial fibrosis, small vessel disease, autonomic dysfunction, and insulin resistance (11) . 
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An extensive review by Fang et al. synthesized the existing literature (284 references, both pro and con) and discussed the mechanisms and therapeutic implications of diabetic cardiomyopathy (11) . They reviewed data that showed that diabetes mellitus results in cardiac functional and structural changes independent of hypertension and coronary artery disease. Metabolic disturbances include alterations in supply and use of glucose in myocytes, resulting in myocyte injury. Myocardial fibrosis may be related to diabetes-related defects in cellular calcium transport, defects in contractile proteins, and an increase in collagen formation (33) . Fang et al. ultimately concluded that evidence strongly supports the existence of diabetic cardiomyopathy as a distinct clinical entity.
Part of the diagnosis of diabetic cardiomyopathy depends upon the absence of hypertension and more than slight coronary artery disease. Exclusion of coronary artery disease may be done by angiography or autopsy examination. The exclusion of primary hypertension may not be as easy since high blood pressure can be unrecognized for years, causing no symptoms but causing progressive damage to the heart and other organs. At autopsy, one may infer the diagnosis of hypertensive cardiovascular disease based on cardiac hypertrophy and small vessel renal disease. In a patient with long standing diabetes mellitus, it may be difficult to discern the etiology of these cardiac and kidney findings (i.e., primarily diabetic versus hypertensive).
CONCLUSION
Diabetes mellitus is one of the most commonly diagnosed and treated diseases in modern medicine. It is often associated with other chronic diseases and has deleterious effects on many organs and tissues. In most circumstances encountered by the forensic pathologist, the decedent will have a medical history that includes any combination of hypertension, coronary artery disease, diabetes mellitus, obesity, and possibly alcoholism and cardiac findings that are consistent with heart failure and causative of death but may be due to any one or more of the above. Since there is now clear evidence of the role of diabetes mellitus in the formation of both structural and functional cardiac changes leading to heart failure, the disease process contributing most significantly, either by disease duration or severity, to the cardiac changes should be assigned as the proximate cause, with the other associated diseases or conditions listed as contributory causes. Only when other confounding disorders are excluded, is diabetic cardiomyopathy implicated as the proximate cause of death. This translates to a small but important subset of forensic death investigations.
